In 1993 the Pan American Health Organization initiated a laboratory-based surveillance system, called the SIREVA project, to learn about Streptococcus pneumoniae invasive disease in Latin American children. In 1994, National Laboratories in six countries were trained to perform serotyping and antibiotic susceptibility testing using broth microdilution to determine the MIC for specified antibiotics. An international External Quality Assurance (EQA) program was developed to monitor and support ongoing laboratory performance. The EQA program was coordinated by the National Centre for Streptococcus (NCS), Edmonton, Canada, and included external proficiency testing (EPT) and a validation process requiring regular submission of a sample of isolates from each laboratory to the NCS for verification of the serotype and MIC. In 1999, the EQA program was decentralized to use three of the original laboratories as regional quality control centers to address operational concerns and to accommodate the growth of the laboratory network to more than 20 countries including the Caribbean region. The overall EPT serotyping accuracies for phase I (1993 to 1998) and phase II (1999 to 2005) were 88.0 and 93.8%, respectively; the MIC correlations within ؎1 log 2 dilution of the expected result were 83.0 and 91.0% and the interpretive category agreements were 89.1 and 95.3%. Overall, the validation process serotyping accuracies for phases I and II were 81.9 and 88.1%, respectively, 80.4 and 90.5% for MIC agreement, and 85.8 and 94.3% for category agreement. These results indicate a high level of testing accuracy in participating National Laboratories and a sustained increase in EQA participation in Latin America and the Caribbean.
The impact of childhood pneumonia caused by Streptococcus pneumoniae in the developing world is well recognized; however, until recently, the epidemiology of invasive pneumococcal disease in Latin America was poorly documented (3, 4, 8) . The growing rates of antibiotic-resistant S. pneumoniae worldwide, combined with the promise of new conjugate pneumococcal vaccines, prompted the Pan American Health Organization/World Health Organization (PAHO/WHO) to initiate an international laboratory-based surveillance network that would provide prospective regional serotype prevalence data, antibiotic resistance rates, and epidemiology of invasive pneumococcal disease in Latin American children. In 1993, with significant funding from the Canadian International Development Agency, the National Centre for Streptococcus (NCS), Edmonton, Alberta, Canada, and the Laboratory Centre for Disease Control, Ottawa, Ontario, Canada, were recruited to provide laboratory and epidemiological support for this new project (3, 4, 8) . As part of the PAHO/WHO Sistema Regional de Vacunas, the project became known as SIREVA (8) .
The establishment of specific goals to guide the SIREVA project was integral to successful development of the quality program: (i) to produce study data accepted as valid by the international community; (ii) to create an intra/inter-regional network based on principles of quality assurance, quality control, and total quality management; (iii) to create a bank of biologically valuable material, including isolates and attached demographic information, to track national epidemiologic trends, including the effects of vaccine intervention; (iv) to use the isolates and demographic information to attract international research interest to strengthen the expertise and knowledge of the regional participants while maintaining their ownership of the isolates; (v) to create and maintain long-term relationships between international public health laboratories to share knowledge and expertise; and (vi) to create and maintain relationships within each country between public health laboratories, clinical laboratories, clinicians, and epidemiologists to improve surveillance and quality assurance.
The SIREVA project represented the first international, prospective surveillance program for invasive pneumococcal disease in the developing world (8) . It was an ambitious undertaking in view of the limited laboratory infrastructure throughout the region and was made more challenging by our goal to build regional laboratory self-sufficiency rather than to simply extract data or isolates (3) . This report describes the development of the external quality assurance (EQA) model through its initial stages, and adjustments that were made based on the experience and growth of the network over time. Phase I describes the original model used over the first 5 years of the project (1994 to 1998); phase II (1999 to 2005) describes the redesigned model that was implemented in 1999 in response to the experience gained during phase I.
MATERIALS AND METHODS
Phase I. National Laboratories in six countries (Argentina, Brazil, Colombia, Chile, Mexico, and Uruguay) were selected based on access to a pediatric population as a source of invasive pneumococcal isolates and the willingness and ability to participate according to the standardized protocol, including participation in a defined EQA program (4, 8) .
To ensure consistency in laboratory testing, a workshop was conducted at the NCS in February 1994 to train key personnel from each of the participating countries. Technical instruction and laboratory manuals containing standardized methodologies and relevant quality control testing were provided by the NCS. Pneumococcal identification included optochin sensitivity and bile solubility testing (7) . Serotyping was performed by Quellung reaction (10) using commercial antisera (Statens Seruminstitut, Copenhagen, Denmark). Antibiotic susceptibility testing by disk and broth microdilution (BMD) methods was based on Clinical and Laboratory Standards Institute (CLSI; formerly National Committee for Clinical Laboratory Standards [NCCLS] ) guidelines that were current at the time of training (11, 12) and updated annually as revised documents were published. Each of the key trainers subsequently held similar regional workshops for their staff and for front line laboratories to optimize culture and isolation techniques in each country.
The EQA program was developed and implemented after completion of the regional training and had two components: an external proficiency testing (EPT) program and a validation process. Since some of the laboratories had no previous experience with EQA, it was important to ensure that the basic factors that were used to guide this process were understood by all participants, namely: (i) the level of challenge appropriate to participating laboratories; (ii) use as an educational tool to deliver new information and to assist with problem solving when difficulties were encountered; (iii) a means of evaluation for "routine" laboratory procedures; (iv) monitoring of the performance of reagents, technical precision and accuracy, and clerical processes (including accurate documentation), as well as identifying staff training opportunities; and (v) the provision of timely feedback to all participants, supporting continuous improvement rather than focusing on "testing failure."
The EPT was coordinated from Canada by the NCS. A quality assurance panel (QAP) consisting of five pneumococcal isolates was distributed once in 1994, three times in 1995, and twice in 1996 to each of the six participating laboratories. Challenge strains were selected to represent a range of serotypes and various antibiotic resistance patterns. The participants were required (i) to verify that the identification as S. pneumoniae was correct, (ii) to perform serotyping, (iii) to screen for reduced penicillin susceptibility using a 1-g oxacillin disk, and (iv) to perform testing to determine the MIC for specified antibiotics. Participants were asked to determine the penicillin MIC for the first distribution. Subsequent distributions requested MICs for cefotaxime and/or ceftriaxone chloramphenicol, erythromycin, trimethoprim-sulfamethoxazole, and vancomycin. Testing of these additional antibiotics was performed at the discretion of the participating laboratory, based on their routine testing algorithms and available resources.
Serotyping was considered to be correct if the group and/or type reported and the NCS result were in agreement. A "group" result was graded as correct if the "factor" sera required for "type" classification were not available in the participating laboratory. Susceptibility results were compared to the NCS result. Oxacillin screening results were evaluated based on correct interpretation as penicillin susceptible (zone size, Ն20 mm) or reduced susceptibility to penicillin (zone size, Յ19 mm) (12) . MIC data were considered correct if the value was within 1 log 2 dilution of the NCS MIC. Interpretive category agreement as susceptible, intermediate, or resistant was evaluated against the category interpretation of the NCS MIC using the NCCLS document that was current at the time of testing. Category interpretation errors were classified as very major, major, and minor consistent with generally accepted definitions (6) . Only the antibiotics reported by each participant were evaluated; thus, the denominator used to calculate MIC correlation and category agreement varied by laboratory. The results were summarized, graded, and discussed in a summary report compiled by the NCS and distributed back to each of the participating countries.
The validation process required the submission of a specified sample of clinical pneumococcal isolates to the NCS for verification of the submitting laboratories' serotype and antibiotic susceptibility profiles. Participants were asked to submit all pneumococcal isolates that they were unable to type (this varied according to the inventory of antisera available in each laboratory), 10% of the isolates that were "typeable," and all isolates with reduced penicillin susceptibility as determined by the oxacillin screen for verification of the penicillin MIC. Regular submission of isolates was expected, but a shipping schedule was not defined. Evaluation criteria were consistent with those used for the EPT program.
Phase II. In 1999, the EQA program was decentralized, producing one program, coordinated by the NCS for three quality control centers (QCC), located in Brazil, Colombia, and Mexico, selected after the phase I evaluation. The EQA program for the expanded SIREVA network (over 20 countries) was coordinated locally by the QCC. All countries continued to participate in this decentralized model, but only the EQA program coordinated by the NCS is discussed here.
The original two-part EQA model consisting of EPT and validation process was maintained with minor modifications. The revised EPT program provided two QAP distributions annually to each of the QCC, each containing 10 isolates. Participants were asked to confirm the identification and perform serotyping, oxacillin screening, and MIC testing for penicillin, cefotaxime or ceftriaxone, chloramphenicol, erythromycin, trimethoprim-sulfamethoxazole, and vancomycin. Participants were instructed to use the most current NCCLS guidelines for susceptibility testing. In January 2005 the NCCLS was renamed the CLSI, and its guidelines were implemented (2) .
A performance target of 90% agreement for serotyping, oxacillin screening, and MIC determination was established. Evaluation criteria were consistent with phase I with the following modifications. (i) In 2001, comparison of MIC data to the modal MIC for each antibiotic-organism combination was added. The MIC results from all four laboratories (NCS and three QCC) were used to calculate the modal MIC. A variance of Ϯ1 log 2 dilution was considered acceptable. (ii) In 2002, evaluation of the oxacillin zone size was added for all four laboratories (NCS and three QCC). An acceptable result was Ϯ3 mm of the mean zone size reported for each isolate, based on the observation that 1 log 2 dilution in an MIC is approximately equal to 3 mm in a disk diffusion test (5) .
The validation process was revised slightly from phase I to include submission of all nontypeable pneumococci, 15% of isolates that were "typeable" and 25% of the isolates that were resistant to any antibiotic routinely tested by the participating laboratories for MIC verification, using randomized selection criteria. An annual shipping schedule was provided to ensure the regular submission of isolates. All shipping followed International Air Transport Association regulations. Evaluation criteria were consistent with those used for phase I. A follow-up form, developed to track serotyping and MIC discrepancies, was initiated by the NCS when discrepant validation results were reported. The QCC were required to repeat the testing to resolve the discrepancy and submit the results back to the NCS within a specified time frame. Isolates were resubmitted if the problem was not resolved.
RESULTS
Phase I: EPT. Between October 1994 and August 1996, six QAPs (containing 30 isolates representing 11 vaccine-related and 7 non-vaccine-related serotypes) were distributed to the six participating countries. One country submitted results for only three of the six QAPs. A summary of EPT results for each laboratory is presented in Table 1 .
Serotyping. All participants used the pool antisera typing system (14) supplemented with factor sera specific for the most VOL. 45, 2007 S. PNEUMONIAE INTERNATIONAL EXTERNAL QUALITY ASSURANCE 3185 common serotypes. The overall serotyping correlation for the six QAPs was 88.0%. The serotype correlation for each QAP ranged between 75.8 to 100%. Although performance variation between participants was observed, individual laboratory proficiency was consistent over time. Discrepancies between the expected serotype and the reported result were randomly distributed and, in at least two instances, appeared to be related to incorrect numbering of the isolates by the participating laboratory. Three factoring errors were reported (incorrect serotype within the correct serogroup): one within group 23 and two within group 19. Oxacillin. The six QAPs included 12 isolates that were expected to produce a zone of Յ19 mm; six produced no zone of inhibition (all with intermediate or resistant penicillin MICs), and six produced zone sizes of 10 to 17 mm. Three of these had intermediate penicillin MICs, and three were susceptible (MIC Յ 0.06 g/ml). The remaining 18 isolates were penicillin susceptible, with oxacillin zone sizes of 25 to 35 mm. Overall, 96.1% of the reported oxacillin zone sizes correctly detected strains with reduced penicillin susceptibility. The accuracy for the detection of reduced penicillin susceptibility for six strains with 10 to 17 mm zone sizes was 77.7% (six falsely susceptible results [very major errors]). Only 1 of the 30 isolates produced a discrepant result in more than one laboratory. The expected zone size for this isolate was 16 mm; the reported zones ranged from 18 to 27 mm.
MIC. The range of antibiotics tested by MIC in each of the participating laboratories varied. All were testing penicillin in October 1994. Testing additional antibiotics was gradually implemented over the next 12 months. One laboratory was not testing trimethoprim-sulfamethoxazole, and two were testing vancomycin by disk diffusion only.
Overall, average MIC correlation (Ϯ1 log 2 dilution) for all participants for the six QAP was 83.0%. The performance of each participating laboratory ranged between 78.5 and 85.7%. The MIC correlation varied by antibiotic (Table 2) . Poor correlation observed for erythromycin (68.7%) was associated with the MIC method; the laboratories using Etest consistently reported MICs that were higher than the BMD MIC reported by the NCS. Laboratories that were using BMD showed improved performance over time, while those that implemented Etest showed a trend toward poorer performance, attributable primarily to erythromycin. The laboratory using agar dilution showed consistent performance throughout phase I and reported MICs that were comparable to the BMD method.
The average interpretive category agreement for all QAP distributions was 89.1%; participant averages ranged from 83.9 to 96.3% with consistent performance over time. The average category agreement by antibiotic is presented in Table 2 . A total of four major errors were reported, all occurring with chloramphenicol. There were 45 minor errors, 66.7% of which (30 of 45) resulted from a difference of 1 log 2 dilution for an MIC close to the susceptible/intermediate/resistant breakpoint. There were no very major errors.
Phase I: validation process. Between August 1994 and November 1998 the NCS received 1,151 isolates for verification of serotype and/or MIC. The number of shipments and the number of isolates submitted varied by participant. Contaminated and nonviable samples reduced the total number of isolates available for evaluation (Table 3) .
Serotype. There were 938 isolates available for serotype comparison over the 5-year period. Overall, correlation with the NCS result was 81.9% with wide participant variation. There was no obvious performance trend by laboratory over time except for a decline in performance for one laboratory that withdrew from the program in 1996 (data not shown). Discrepancies were randomly distributed among serotypes. MIC and category agreement. Susceptibility data were submitted for 194 of 1,151 isolates received; 736 MICs were available for comparison. Participants achieved overall agreement of 80.4%, with wide interlaboratory performance variation that was also observed for category agreement. There were a total of 69 minor errors, 24 major errors, and 4 very major errors. The MIC validation process was impacted by the number of isolates for which MICs were submitted, compromising the evaluation of some participants.
Evaluation of phase I EQA model. In 1998, the EQA program was reviewed to assess and improve the process. Participation in EPT was excellent; however, gaps were noted, including the need for clear performance targets and a formal follow-up process for discrepant results to facilitate effective problem solving.
The validation process proved more challenging, with issues related to compliance with the original protocol. Unexpected variations in MIC testing methodology and inconsistent submission of isolates were of concern. Not all laboratories were forwarding the required proportion of isolates, and very few strains with reduced penicillin susceptibility were received from some regions with known penicillin resistance. High contamination rates and poor viability in some laboratories had the potential to compromise valuable organism collections.
International shipping of isolates for both EPT and the validation process was a major problem for some participants. At that time, all bacterial isolates were classified as "infectious agents" for transportation purposes, and many courier companies were reluctant to handle the shipments. Some countries required import permits and government regulations changed without notice, resulting in delayed delivery. The high cost associated with courier and customs fees was also of concern.
An important factor in the program evaluation was the growth of the SIREVA network from 6 to more than 20 countries representing almost all of Central and South America (Table 4) . Tailoring one EQA program to meet the various technical needs of this large group was very difficult, as well as extremely costly if we were to continue to coordinate the program from Canada. A model that would move the primary EQA role into Latin America was required. This would mitigate the shipping problems, at least to and from Canada, better utilize limited funding by directing it into Latin America, and support the original goal of establishing regional self-sufficiency.
Three subregional QCC were selected from the original six participating countries based on operational capacity, geographic location, international shipping access for transport of isolates, national support for the program, local participation in the program, and proven ability and willingness to follow the EQA protocol. Each QCC would coordinate the EQA program for a specified group of countries, as well as provide technical support and regional training as required. The NCS would coordinate the EQA program for the three QCC. In 2005, the number of subregional QCC was reduced to two. Table 1 .
Serotyping. Overall, serotyping correlation throughout the 6-year period averaged 93.8%. From 2003 onward all participants met or exceeded the 90% performance target, and in four EPT events all QCC achieved 100% correlation. Incorrect serotypes were reported for 16 of the 130 isolates and were randomly distributed. Six were factoring errors occurring within six different serogroups. Oxacillin. The 13 QAP included 81 penicillin-susceptible isolates with oxacillin zones of Ն20 mm and 49 isolates that failed the oxacillin screen (zone size Յ 19 mm), including 27 with no zone of inhibition around the disk and 22 with a zone size of 7 to 19 mm. The overall average for correct interpretation (susceptible or reduced susceptibility to penicillin) was 97.6%. There were five falsely susceptible and four falsely resistant results reported. All falsely susceptible results occurred with strains with zone sizes of 7 to 19 mm. There was 92.1% correlation for the accurate detection of reduced penicillin susceptibility for the 22 isolates with a measurable, reduced zone size (i.e., 7 to 19 mm). In total, 8 of 130 isolates produced a discrepant interpretation in one or more QCC; 6 of these had "borderline" zone sizes of 15 to 22 mm.
Quantitative evaluation of the oxacillin zone size reported by the four participating labs was introduced in 2002. Overall, 91.4% of the results correlated within Ϯ3 mm of the average zone size (89.3% for the QCC only); however, there was wide variation in laboratory performance. Twenty-five discrepant results were reported, and two produced a change in interpretive category from reduced penicillin susceptibility to susceptible (very major errors). A pattern of consistently large zone sizes was observed for the QCC showing the poorest correlation.
MIC. All QCC were testing penicillin, cefotaxime or ceftriaxone, chloramphenicol, erythromycin, trimethoprim-sulfamethoxazole, and vancomycin using the BMD method. The overall agreement within 1 log 2 dilution of the NCS MIC result for 1999 and 2000 and within 1 log 2 dilution of the modal MIC for 2001-2005 was 91.0% for QCC only and 93.1% when NCS results were included in the analysis. All QCC showed improved performance over time and, from 2004 onward, all participants met or exceeded the 90% performance target. MIC correlation varied by antibiotic ( Table 2 ). The poorest correlation was with erythromycin and was associated with a trend toward elevated MICs in one QCC and lower MICs in another during the early part of phase II.
The average interpretive category agreement for phase II QAP distributions was 95.3% with little variation by antibiotic (Table 2 ). There were 68 minor errors reported; 40 (58.8%) of these resulted from an MIC difference of only 1 log 2 dilution between the reported and the expected result. Table 5 .
Serotyping. The overall serotype correlation of 88.1% was improved versus phase I (81.9%) but varied among the three QCC. Correlation varied for each shipment of isolates: lab A, 86.4 to 100%; lab B, 53.3 to 100%; and lab C, 73.9 to 94.3%. There was no obvious trend for individual QCC performance over the 6-year period. Discrepancies were randomly distributed among serotypes and were resolved on repeat testing by the submitting laboratory for 81% of the isolates. Discrepancies that were not resolved were assumed to be due to incorrect data submission (clerical error) or submission of the wrong isolate for validation.
MIC and category agreement. Susceptibility data were submitted for 695 of the isolates received; 4,105 MICs were available for comparison. Overall, participants achieved 90.5% correlation within 1 log 2 dilution of the NCS MIC, although there was wide variation in QCC performance. Discrepancies were resolved on repeat testing by the submitting laboratory for 67.7% of the results (QCC range, 47.5 to 82.8%). Discrepancies that were not resolved were assumed to be due to incorrect data and/or isolate submission. Category agreement based on the submitted MIC for all participants averaged 94.3%. There were a total of 182 minor errors, 48 major errors, and 7 very major errors.
DISCUSSION
Published descriptions of international EQA programs for S. pneumoniae are very limited (1, 9, 13, 15) and describe the distribution of challenge isolates to participating laboratories with evaluation of results by the testing agency. To our knowledge, our report is the first description of a two-part model for validating laboratory results and also the first microbiology EQA program designed to support laboratory-based surveillance in developing countries.
We believe that establishing specific goals to guide the SIREVA project at the outset, combined with ensuring that all participants shared a clear understanding of the EQA princi- ples, contributed to continued participation and international commitment to this project. Maintaining national ownership of isolates and data was an important principle for SIREVA partners.
One of the limitations of our EQA system was the difficulty associated with international transportation of isolates, especially in phase I. We are not the first group to encounter this problem (15) . In addition, the successful implementation and resulting growth of the SIREVA project in Latin America produced unanticipated EQA management challenges that prompted the decentralization of the original EQA model.
Comparison of the results of our SIREVA EQA program is compromised by a lack of similar published international experience. We could find only one report of laboratory performance for pneumococcal serotyping (9) . The overall correlation with the expected serotype for that study was 95%, with laboratory performance ranging from 90 to 100%. This performance is similar to our EPT phase II results and only slightly better than phase I. However, direct comparison of our EPT data with the Konradsen study may not be valid since our results reflect performance measurement over time rather than evaluation of a single event. Accurate serotyping is necessary to target and monitor vaccination programs and to measure serotype replacement in postvaccination populations. Correct serotype assignment within the serogroup (factoring) is particularly important since not all serotypes are included in the currently available vaccines (9) . In both phases of our EPT, we observed relatively few "factoring" errors overall, indicating a high degree of proficiency with this technically difficult procedure.
The need to be able to accurately detect emerging antibiotic resistance, specifically for S. pneumoniae, and the need for enhanced proficiency testing have been identified by ourselves and by others (15) . Accurate testing and interpretation of the oxacillin screen to detect reduced susceptibility to penicillin is critical for front line laboratories. The results from both phases of our EPT program indicate excellent performance. This compares favorably with two international laboratory proficiency testing exercises (1, 15) . Each survey distributed a single pneumococcal isolate with expected zone sizes of 14 to 17 mm and 13 to 15 mm, respectively. Only 64 to 71% of the participating laboratories correctly classified these isolates as having reduced penicillin susceptibility. Performance for both phases of our EPT exceeded these results. One well-recognized North American proficiency testing program reported 99% correlation with the expected oxacillin screen result; however, this survey used a fully penicillin-resistant strain that was expected to give little or no zone of inhibition around the oxacillin disk (5). Interestingly, even in this setting, reported zone sizes ranged from 6 mm (no zone) to 20 mm. These reports and our experience suggest that isolates that produce a reduced but measurable (7 to 19 mm) oxacillin zone size may be more technically challenging for correct interpretation than those that produce no zone of inhibition around the disk.
The addition of quantitative analysis of the oxacillin zone sizes for phase II EPT enabled all QCC and the NCS to objectively evaluate performance. Using this tool we were able to demonstrate a trend toward larger zone sizes associated with occasional failure to detect reduced penicillin susceptibility by one QCC.
Comparing susceptibility results between laboratories is difficult unless standardized methodology is used. The SIREVA program was developed from a training model that provided standardized procedures and reagents. In spite of this, only three of the six phase I participants were routinely using the NCCLS/CLSI BMD method consistent with the initial protocol. Our observation of elevated erythromycin MICs associated with Etest has been reported by others and is likely due to the effect of carbon dioxide on the pH of the medium surface resulting in decreased erythromycin activity (5) . All phase II participants used the BMD MIC method consistent with NCCLS/ CLSI guidelines and obtained much-improved erythromycin correlation.
The occurrence of major errors for chloramphenicol is not surprising since a change in the interpretation between susceptible and resistant is based on an MIC difference of only 1 log 2 dilution. In our experience, strains that produce an MIC of 8 g/ml, resistant according to NCCLS/CLSI guidelines, are usually susceptible on repeat testing (MIC Յ 4 g/ml). We recommend that laboratories verify a chloramphenicol MIC of 8 g/ml before reporting a resistant interpretation.
Most EQA challenges for S. pneumoniae have focused on accurate MIC testing for penicillin (1, 5, 13, 15) . Excellent results for correct interpretive category were achieved when strains with very low (MIC Յ 0.01 g/ml) or very high (4 g/ml) penicillin MICs were used (1, 5) . However, the use of a borderline strain (MIC ϭ 0.06 g/ml) produced more variable results, with category agreement of only 80% (15) . In a European study, seven isolates with MICs of 0.12 to 1.0 g/ml were used to evaluate participant ability to correctly classify the strains as having reduced susceptibility to penicillin (13) . An overall category agreement of 90.5% was achieved, with participant performance ranging from 78 to 100%. We achieved similar results in phase I, with improved performance in phase II demonstrating a high level of testing accuracy for this drug.
We could find only one published S. pneumoniae EQA survey that used a variation of Ϯ1 log 2 dilution of the expected MIC as a measurement of accuracy (5) . In that report, a single pneumococcal isolate was distributed to more than 4,200 laboratories in the United States. Susceptibility testing methodology and MICs for 14 antibiotics were reported. If MIC agreement for each antibiotic is calculated from their data, participants achieved the following MIC correlation: penicillin, 86%; cefotaxime, 87.4%; ceftriaxone, 87.6%; chloramphenicol, 92.9%; erythromycin, 48.6%; trimethoprim-sulfamethoxazole, 90%; and vancomycin, 94.9%. Our correlation for phase I is slightly lower for five of the seven antibiotics we tested. The phase II results, however, exceed those reported in the U.S. survey and show the high level of accuracy achieved for all antibiotics that we were evaluating in our EPT program.
Most laboratories do not handle EPT surveys in a blinded fashion, and a potential bias is introduced when samples are processed with increased attention that may not be typical of "routine" testing. The validation process we used offers a quality measurement that may be more representative of routine laboratory performance. It is not surprising that our data show a trend toward less accuracy for the validation process compared to the EPT, especially in phase I. Our improved validation process results for phase II demonstrate enhanced performance for routine laboratory testing.
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We recognize that generally improved EQA performance observed in phase II compared to phase I may be due to a reduced number of participating laboratories, as well as the experience gained by the three laboratories selected for phase II. Regardless, the results achieved validate technical proficiency and support the subregional model of QCC that was implemented in 1999. The model has delivered quality tools that will continue to benefit the regional laboratory infrastructure. We believe that the SIREVA project has successfully reached its goal of creating a regional network of strong, selfsufficient laboratories that are able to lead local, national, and international EQA activities. The S. pneumoniae EQA program described here has continued into 2007, and recently the QCC have expanded the model to include Haemophilus influenzae and Neisseria meningitidis, demonstrating its usefulness for other international laboratory-based surveillance programs targeting vaccine-preventable bacterial disease.
